INTRODUCTION {#sec1-1}
============

The kidney is a common target of toxicity of therapeutic and environmental xenobiotics, because of its high blood flow, tubular transport processes and complex metabolic activities. Beta-lactams are the largest and most rapidly growing group of antimicrobials. Because of its excretion by the kidney, it might result in nephrotoxicity, which is of major concern in the treatment of the increasingly resistant infections.\[[@ref1][@ref2]\]

Beta-lactams are toxic to the kidney when given singly or in doses just above the therapeutic range and even more toxic when used in combinations with other nephrotoxic medications.\[[@ref3]\]

Cephalosporins are known to produce the acute proximal tubule necrosis in both animals and human.\[[@ref4]\] The nephrotoxicity of cephalosporins is dependent upon renal cortical accumulation and intracellular concentration.\[[@ref5]\] It is well-known that first-generation cephalosporins as cephaloridine and cephalothin as well as newer congeners have been associated with nephrotoxicity in both human and experimental animals.\[[@ref6][@ref7][@ref8]\]

As a reminder, cephalosporins have the potential to induce nephrotoxicity. The inability to recognize this may lead to renal failure with oliguria and subject patients to an increased risk of irreversible kidney damage. With the advent of newer cephalosporins and less knowledge about its potential for nephrotoxicity, it seems important to evaluate whether it can induce kidney damage or not.

One of the recent and mostly used cephalosporins is cefepime, a parenteral fourth generation cephalosporin. Cefepime is an established and generally well-tolerated with a broad spectrum antibacterial activity.\[[@ref9][@ref10][@ref11]\] Cefepime has *in vitro* activity against Gram-positive and Gram-negative organisms and stable against many of the common plasmid and chromosome mediated beta lactamases.\[[@ref12][@ref13]\]

Expanded information concerning cefepime therapy will be of benefits to both physicians and patients. Therefore, the purpose of this study was to investigate the biochemical alterations and histopathological changes of the kidney during and after cefepime administration in rats.

MATERIALS AND METHODS {#sec1-2}
=====================

Materials {#sec2-1}
---------

### Cefepime {#sec3-1}

It was obtained from Bristol Myers Squibb Company, Egypt. Its commercial name is Maxipime^®^.

### Laboratory animal {#sec3-2}

A total of 12 albino male rats (200-250 g) were obtained from the Department of Laboratory Animal, Faculty of Veterinary Medicine, Benha University. They were fed on a balanced diet and had access to water *ad libitum*. Rats were kept under standard conditions of temperature 27-30°C and good ventilation. Rats were randomly divided into three groups, each of four rats and they were kept singly in metabolic cages.

Methods {#sec2-2}
-------

### Biochemical effects of cefepime in rats {#sec3-3}

Rats of the first, second and the third group were given cefepime intramuscularly in doses of 45, 90, 180 mg/kg b.wt. respectively for 5 consecutive days. Blood samples and urine voided during 24 h one day before, during and 4 days after cefepime administration were taken every other day. Serum was separated by centrifugation of blood at 1600g for 10 min and stored at − 20°C, until analysis. The serum and urine samples were used for quantitative determination of urea, creatinine, glucose, total protein, calcium, sodium and potassium.

One, 4 and 8 days after the last administration, rats from each group were sacrificed; the kidneys were collected for histopathological examination.

### Histopathological examination of kidney {#sec3-4}

The preparation of kidney samples and procedures of staining were carried out according to Crossmon (1937) and Carleton *et al*. (1980).\[[@ref14][@ref15]\]

Statistical analysis {#sec2-3}
--------------------

Data were expressed as mean ± standard error and were statistically analyzed using the Student\'s paired *t*-test to express the differences between groups.\[[@ref16]\] Comparison of the mean values was performed and differences were considered statistically significant when *P* \< 0.05.

RESULTS {#sec1-3}
=======

Effect of cefepime on biochemical parameters {#sec2-4}
--------------------------------------------

Significant (*P* \< 0.001) biochemical alterations started after the 3^rd^ day of cefepime injection and continued 2 days after the last administration. After that, the changes disappeared and kidney functions were recovered gradually to normal. These significant changes are recorded in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

###### 

Effect of intramuscular injection of 45 (A), 90 (B) and 180 (C) mg/kg b.wt. of cefepime for 5 days on serum biochemical parameters in rats (*n*=4)

![](JPP-5-33-g001)

###### 

Effect of intramuscular injection of 45 (A), 90 (B) and 180 (C) mg/kg b.wt. of cefepime for 5 days on urine biochemical parameters in rats (*n*=4)

![](JPP-5-33-g002)

The intramuscular injection of 45 mg cefepime/kg b.wt. caused a significant (*P* \< 0.001) increase in a total amount of urine per day at the 3^rd^ day of administration. Intramuscular injection of 90 mg cefepime/kg b.wt. significantly (*P* \< 0.001) decreased urea concentration in urine and its clearance at the 3^rd^, 5^th^ and 7^th^ day of administration. Serum concentration of urea was significantly (*P* \< 0.001) increased at 180 mg cefepime/kg b.wt. on the 5^th^ day of administration.

Cefepime at the three administered doses induced significant (*P* \< 0.001) increase in creatinine concentration in serum together with significant (*P* \< 0.001) decrease in its urine concentration as well as significant (*P* \< 0.001) decrease in its clearance from the 1^st^ day until the 9^th^ day of the experiment.

Significant glucosuria (*P* \< 0.001) were obtained after intramuscular injection of 45, 90 and 180 mg/kg b.wt. of cefepime in all days of the experiment. Significant proteinuria (*P* \< 0.001) were induced in the 1^st^ day of the experiment at doses of 90 and 180 mg/kg b.wt. while at the 5^th^ day, it was induced only at 180 mg/kg b.wt. and in the 9^th^ day at 45 mg/kg b.wt. of the cefepime.

Calcium concentration in urine was significantly (*P* \< 0.001) decreased in the 1^st^ day after intramuscular injection of cefepime at 90 mg/kg b.wt. Significant (*P* \< 0.001) increase in the serum concentration of sodium was achieved after cefepime injection at 180 mg/kg b.wt. on the 3^rd^, 5^th^ and 7^th^ day of administration. Cefepime in the three tested doses caused significant (*P* \< 0.001) increases in the potassium concentration of serum and urine.

Histopathological findings {#sec2-5}
--------------------------

The histopathological changes in the kidney after intramuscular injection of cefepime for 5 consecutive days in rats were investigated. The changes were dose dependent. Mild degenerative changes and cystic dilatation of the renal tubules with the presence of eosinophilic debris in their lumina were observed 4 days after the last intramuscular injection of 45 mg/kg. b.wt. \[[Figure 1](#F1){ref-type="fig"}\]. Four days after the last intramuscular injection of 90 mg/kg. b.wt. for 5 days, mild congestion of the renal blood vessels and intertubular blood capillaries were observed and some groups of renal tubules showed cloudy swelling \[[Figure 2a](#F2){ref-type="fig"}\]. Granular eosinophilic materials in the lumen of some renal tubules were seen 8 days after the last intramuscular injection of 90 mg/kg b.wt. for 5 days \[[Figure 2b](#F2){ref-type="fig"}\].

![Kidney of rat administered 45 mg cefepime/kg b.wt. for 5 days showing cystic dilatation of renal tubules and eosinophilic debris in its lumen (H and E, ×250)](JPP-5-33-g003){#F1}

![Kidney of rat administered 90 mg cefepime/kg b.wt. for 5 days showing: (a) Mild cystic dilatation of some collecting renal tubules (H and E, ×200). (b) Granular eosinophilic materials in the lumen of some renal tubules and mild degenerative changes in the form of cloudy swelling in the epithelial cells lining the convoluted tubules (H and E, ×200)](JPP-5-33-g004){#F2}

Eight days after the last intramuscular injection of 180 mg/kg b.wt. for 5 days, The renal tubules showed the presence of homogenous eosinophilic masses and suffered from pressure atrophy \[[Figure 3a](#F3){ref-type="fig"}\]. Desquamation of epithelial cells of some renal tubules together with hyaline casts in the collecting tubules was observed \[[Figure 3b](#F3){ref-type="fig"}\].

![Kidney of rat administered 180 mg cefepime/kg b.wt. for 5 days showing: (a) Mild cystic dilatation of some renal tubules and homogenous eosinophilic masses in their lumen. Some renal tubules suffered from pressure atrophy (H and E, ×100). (b) Desquamation of epithelial cells of some renal tubules together with hyaline casts in the collecting tubules and cystic dilatation (H and E, ×200)](JPP-5-33-g005){#F3}

DISCUSSION {#sec1-4}
==========

Regulation of the internal environment of body cells is maintained mainly by the kidney through glomerular filtration, selective reabsorption and secretion by tubules as well as exchange of hydrogen ions and reduction of ammonia for conservation of base. Threshold substances as urea, creatinine, protein, electrolytes and glucose are almost completely reabsorbed by the tubules when their concentrations in the plasma are within the normal level, but appear in the urine when their plasma level exceeds and/or due to defect in renal tubules as a result of nephrotoxicity. This fact is good predictive in the correlation between their serum and urine levels as demonstrated in the present study.

Cefepime caused a significant increase in the total amount of urine per day at the 3^rd^ day of cefepime administration. This diuretic like effect might be explained on the basis of increased renal blood flow due to vasodilatation of the renal artery and failure of the tubular reabsorption of water due to renal tubular damage manifested histopathologically by degenerative changes in the form of cloudy swelling. These result was consistent with that an increase in the urine volume after administration of ceftizoxime in dogs\[[@ref17]\] and cefamandole in rats.\[[@ref18]\] These data was inconsistent with that cefadroxil and cefprozil respectively decreased the urine volume in rats in the dose-dependent manner.\[[@ref19][@ref20]\] Cefteram pivoxil had no effect on urine volume at intravenous doses of 250-1000 mg/kg and after oral doses of 500-2000 mg/kg b.wt.\[[@ref21]\]

In the present study, urea concentration was significantly increased in serum and significantly decreased in urine. The urea clearance was significantly decreased and the degree of significance was dose dependent. This indicated that cefepime impaired ability of the kidney to excrete urea in urine. This might be attributed to damage and occlusion of renal tubules by casts and decreased the glomerular filtration rate due to the proliferation of the glomerular tuft, which became nearly filled the Bowman\'s space as reported in these histopathological results. These results were similar with that serum urea nitrogen increased over the control values after intravenous injection of cefodizime sodium (600 and 1800 mg/kg) and also after administration of cefpirome sulphate and cefazoline sodium in rabbits.\[[@ref22][@ref23]\] Cephaloridine treatment (500 mg/kg subcutaneously) elevated the blood urea nitrogen.\[[@ref24]\] Cefamandole significantly increased urea in serum and significantly decreased it in urine and also urea clearance was also decreased.\[[@ref18]\] Cefmetaline slightly increased urea nitrogen after oral dosing of 500 mg/kg b.wt. in rabbits.\[[@ref25]\] The increase in serum urea and incidence of renal failure had been reported in some patients treated with cefepime during the post marketing experience.\[[@ref26]\]

The elevation in serum creatinine and the decrease of it in urine after administration of cefepime were reported in the present study. The cause and explanation was discussed before as in urea. This result was agreeable with that cefodizime increased serum creatinine\[[@ref22]\] and after administration of cefpirome in rabbits.\[[@ref23]\] Cefamandole significantly increased serum creatinine and decreased it in urine and also creatinine clearance was decreased.\[[@ref18]\] Cefepime elevated serum creatinine and caused interstitial nephritis.\[[@ref27]\]

Cefepime administration caused glucosuria and significantly decreased serum glucose. This could be explained on the basisof lack of glucose filtration due to the proliferation of the glomerular tuft, which became nearly filled the Bowman\'s space and decreased tubular reabsorption after renal tubular damage. This manifested histopathologically by degenerative changes in the form of cloudy swelling or even completes destruction of the renal tubules. This result was similar with that; cefminox slightly decreased serum glucose in male rats at the doses more than 200 mg/kg/day intramuscularly\[[@ref28]\] as well as after administration of cefpirome in rabbits\[[@ref23]\] and after intramuscular injection of cefamandole in doses of 202.5 and 405 mg/kg. b.wt. in rats.\[[@ref18]\]

Cefepime caused proteinuria and decreased serum proteins level. This might be attributed to the progressive cellular and tubular dysfunction manifested histopathologically in the present work. This was consistent with that recorded in rabbits following administration of both cefpirome\[[@ref23]\] and after oral dosing of cefmtaline, urinary protein was detected.\[[@ref25]\]

Cefepime significantly declined urinary calcium and elevated its serum level. This might be attributed to the failure of the kidney to excrete calcium in the urine. This result was agreeable with the decrease of urinary excretion of electrolytes following administration of cefprozil in dose-dependent manners in rats.\[[@ref20]\] Cefamandole also induced hypercalcemia and decrease in urinary calcium.\[[@ref18]\] In other way, cefteram had no effects on electrolytes excretion at oral doses of 500-2000 mg/kg b.wt. in rats.\[[@ref21]\]

Serum and urine sodium level was significantly increased, especially after cefepime administration in a dose of 180 mg/kg b.wt. A Parallel increases in the serum and urine potassium following administration of cefepime in doses of 90 and 180 mg/kg b. w. This elevation might be due to the diuretic like effect of cefepime, decrease of the glomerular filtration and decrease of tubular reabsorption of sodium and potassium in the renal tubules. The obtained results were consistent with an increase in sodium and potassium excretion after administration of ceftizoxime to female mongrel dogs\[[@ref17]\] and after administration of cefminox in rats.\[[@ref28]\] Moreover, cefamandole increased the sodium and potassium concentration in serum and urine.\[[@ref18]\] In another way, cefadroxil decreased the excretion of electrolytes (sodium, potassium and chloride) in first 3 h in rats\[[@ref19]\] and cefprozil decreased urine volume and urinary excretion of electrolytes in dose-dependent manners in rats.\[[@ref20]\]

The mechanism of tubular and glomerular changes in kidney might be related to use of a large dose of the cefepime, which accumulated in the epithelial cells in concentrations sufficient to exert a direct cytotoxic effect.\[[@ref29]\] The inflammatory changes and tubular necrosis obtained in this study were consistent with those obtained after the administration of cefamandole.\[[@ref30]\]

The most common findings in the renal tubules were manifested by the presence of eosinophilic casts, which appeared as homogenous pinkish materials nearly taken the shape of renal tubules was similar with that cefodizime caused renal proximal tubular changes such as necrosis, hyaline cast and calcification, suggesting renal disorders.\[[@ref22]\] Interstitial nephritis associated with cefepime had been recorded.\[[@ref27]\]

CONCLUSION {#sec1-5}
==========

These results suggest a possible contribution of cefepime in the nephrotoxicity and biochemical alterations, especially at high doses. Therefore, the patient renal functions should be monitored during the cefepime therapy as well as cefepime doses should be adjusted to those who suffer from kidney malfunctions.
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